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Lezione 28 
Immunità e tumori 
parte II 



• In presenza di una completa e duratura soppressione della risposta 
immunitaria aumentano significativamente i tumori spontanei e quelli indotti da 
cancerogeni chimici o virali 

• Se l'immunodepressione è parziale o transitoria aumentano solo alcuni tipi di 
tumori (es. tumori da virus, leucemie, sarcomi) 

• I tumori che insorgono in individui immunodepressi tendono ad essere 
immunogenici, i tumori che insorgono in individui immunocompetenti tendono ad 
essere poco immunogenici ("immunoediting") 



L'immunogenicità dei tumori spontanei è debole 

Per utilizzare la risposta immunitaria in funzione antitumorale occorre: 

- Individuare gli antigeni presentati dai tumori 

- Incrementare la risposta immunitaria contro questi antigeni 



Identification of tumor 
antigens recognized by T cells (a) 



ANTIGENI TUMORALI 




Peptide molecola | 
antigenico HLA 



TSA, antigeni tumore-specifici 
TAA, antigeni tumore-associati 




Identification of tumor 
antigens recognized by T cells (b) 



Identification of tumor antigens recognized by tumor-specific CTLs 

Coculture with CTL clone 



Tumor 
cDNA library 

o 



Lysis of 
transfected 
celi line 



^Transfert into 
class I MHC+ 
target celi line 



Gene encoding tumor 
antigen recognized """" 
melanoma-specific 




Generation of tumor-specific CTL clones 
I Melanoma 




Purify 
mononuclear 
cells from 
tumor site 



Surgically 
resect 
tumor 



Isolate and 
clone activated 
^ CD8+ CTLs 




Coculture 
mononuclear cells 
and melanoma cells 




From Abbas, Lichtman, & Pober: Cellular and Molecular Immunology. W.B. Saunders, 1999, Fig. 17-1a box 



Antigeni tumorali riconosciuti dai linfociti T: classi 



Normal host 
celi displaying 
multiple MHC- 
associated 

self antigens 


Normal f» 4> 
self protein -^j' 




Mutated self ^ 

protei n 




Product of V . 
oncogene or 

suppressor ..' " 0 
gene *^ 


Tumor cells 
expressing 
different 
types of 
tumor antigens 


Overexpressed ' fc 

or aberrantly ■* ► 

expressed 0'" 
self protein *^ 










Oncogenic 



| Examples~ 



Oncogene products: mutated 
Ras, Bcr/Abl fusion proteins 
Tumor suppressor gene 
products: 

mutated p53 protein 



Overexpressed: tyrosinase, 
gp100. MART in melane --- 
Aberrantly expressed: 
Cancer/testis antigens 
(MAGE. BAGE) 



Human papilloma virus 
E6. E7 proteins in cervical 
carcinoma: EBNA proteins 
in EBV-induced lymphomas 



From Abbas, Lichtman, & Pober: Cellular and Molecular Immunology. W.B. Saunders, 1999, Fig. 1 7-1 b box 
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Antigeni tumorali riconosciuti dai linfociti T: esempi 



Type of antigen 


Examples of human tumor antigens 


Products of oncogenes, 
tumor suppressor genes 


Oncogenes; Ras mutations (~1 0% of human carcinomas), p21 0 product of Bcr/Abl 
rearrangements (CML), overexpressed Her-2/neu (breast and other carcinomas) 


Tumor supressor genes: mutated p53 (present in -50% of human tumors) 


Mutants of cellular 
genes not involved in 
tumorigenesis 


p91A mutation in mutagenized murine mastocytoma; various mutated proteinsin 
melanomas recognized by CTLs 


Products of genes 
thatare silent in 
most normal tissues 


Cancer/testis antigens expressed in melanomas and many carcinomas; 
normally expressed mainly in the testis and placenta 


Products of 
overexpressed genes 


Tyrosinase, gpl 00, MART in melanomas (normally expressed in melanocytes) 


Products of oncogenic 
viruses 


Papillomavirus E6 and E7 proteins (cervical carcinomas) 

EBNA-1 protein of EBV (EBV-associated lymphomas, nasopharyngeal carcinoma) 


SV40Tantigen (SV40-induced rodent tumors) 


Oncofetal antigens 


Carcinoembryonic antigen (CEA) on many tumors, also expressed in liver and 
other tissues during inflammation 


Alpha-fetoprotein (AFP) 


Glycolipidsand 
glycoproteins 


GM 2 , GD 2 on melanomas 


Differentiation antigens 
normally present in 
tissueoforigin 


Prostate-specific antigen 


Markers of lymphocytes: CD10, CD20, Ig idiotypes on B cells 


Abbreviations: CML, chronic myelogenous leukemia; CTL, cytotoxicT lymphocyte; EBNA, Epstein-Barr 
nuclear antigen; EBV, Epstein-Barr virus; Ig, immunoglobulin; MART, melanoma antigen recognized byTcells. 



Table 45.1 Representative Human Leukocyte Antigen (HLA) Class I and Class II 







Restn'cted T-cell Epitopes 








Tumor Expression 
















HLA Restriction 




Category 


Pattern 


Epitope 


Amino Acid 


Element 


Reference 


Cancer testis 












MAGE-A1 


Many 


EADPTGHSy 


161-169 


Al 


319 


MAGE-A3 


Many 


EVDPISHLY 


168-176 


Al 


25 


NY-ESO-1 


Many 


SLLMWITQC 


157-165 


A2 


30 


NY-ESO-1 


Many 


SLLMWITQCFLPVF 


157-170 


DPpl*0401/2 




Melanocyte differentiation antigen 








MART-1 


Melanoma 


AA&IGILTV 


27-35 


A2 


40 


gplOO 


Melanoma 


ITDQVPSFV 


209-217 


A2 


47 


gplOO 


Melanoma 


YLEPGPVTA 


280-288 


A2 


48 


Tyrosinase 


Melanoma 


YMDGTM5QV 


369-377 


A2 


136 




Melanoma 


QNILL5NAPLGPQFP 


56-70 


DRpl*0401 


57 


Tyrosinase 


Melanoma 


SYLQDSDPDSFQD 


450-462 


DRpl*0401 


57 


gplOO 


Melanoma 


TTEWVETTARELPIPEPE420-437 


DRpl*0701 


61 


Overexpressed gene product 










PRAME 


Melanoma 


LYVDSLFFL 


301-309 


A24 


63 


FGF-5 


Renai 


NTYASPRFK 


172-176 and 204- 


A3 


137 








207 






Mutated antigen 












CDK4 


Melanoma 


ACDPHSSHFV 


23-32 


HLA-A2 


83 


pl4ARF:125-133,Many 


AVCPWTWLR 


125-133 


HLA-A*1101 


87 


pl6INK4a:lll- 


Many 


AVCPWTWLR 


111-119 


HLA-A*1101 


87 


119 

HLA-A*1101 


Melanoma 






HLA-A*1101 


87 
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Antigeni tumorali riconosciuti dai linfociti B 


SEREX: Serological anaìyses of recombinant cDNA expression libraries 




y e 

Tumor mRNA cDNA X-phage library 

1 1 1 






Expression of antigen protein 1 of ja 
^^mm^HSBD^ and transfer <o membrane 












l 






... Stamine reaction 

Immunoscreening with cancer ^ 
patient serum antibodies 






-f ^ —*■ ~*~ |sotetionofcDNA 






Esempio: cancer/testis antigen NY-ESO-1 e CEA 





Alcuni antigeni tumorali entrati 
nell'applicazione clinica 



Antigene 



Livelli sierici elevati in condizioni 



neoplastiche 



non neoplastiche 



Antigene carcino- 
embrionale (CEA) 
a-fetoproteina 

Antigeni di anticorpi 
monoclonali 
(CA125, CA15.3, 
TAG72, ecc.) 
Gonadotropina 
corionica 

Antigene prostatico 
specifico (PSA) 



Carcinomi 
Carcinoma fegato 
Carcinomi 



Tumori del testicolo non 
seminomatosi 
Carcinoma della prostata 



Fumatori, patologie 
epatiche, colite ulcerosa 
Gravidanza, patologie 
epatiche 

0.2%-1% dei "normali" 



Gravidanza 

Lesioni benigne della 
prostata 



surgical removal 
of colon cancer 



CEA 1000 
(ng/ml) 



clinical detection 
of liver metastasis 



Guadagno . 
temporale. 




0 100 200 

I I normal range 
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300 400 
time (days) 



Immunoterapia 


• Attiva 


• Passiva 


- Vaccinazione 


- Anticorpi o linfociti 




preformati 


- Comparsa ritardata 


- Comparsa 




immediata 


- Lunga durata della 


- Limitata durata 


protezione 


della protezione (?) 
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Candidate Vaccines in the Treatment of Cancer 



Tumor Celi Vaccines 



Recombinant and 
Synthetic Vaccines 




Physically Altered 
(y-irradiated, 
Virai oncolysates) 



Gene Modified 
(IL-2, TNF-a, 
IFN-y, GM-CSF) 



Peptides/Proteins r~^?L^ 
(+ Adjuvants) ><J 



Plasmid DNA I 
(IM, "Gene Gun") 



Recombinant Viruses 

(Fowlpox, Vaccina -I y- (((§-)) 
Adenovirus) ^==> 



Recombinant microrganisms _ _ / 

(BCG, Listeria, Salmonella) 0 W \ 



Vaccini tumorali: cellule dendritiche e DNA 



Vaccinate with 
tumor-antigen 

pulsed 
dendritic celi 



Dendritic cells 
pulsed with 
tumor antigens 

Plasmid expressing 

cDNA encoding 

tumor antigen 

X***, Vaccinate 
r ^\ with DNA or 
\_y transfected 
dendritic celi 





Dendritic cells 
transfected with 
plasmid expressing 
tumor antigen 



Mechanism of Action 



From Wikipedia, the free 
encyclopedia 

Dendreon is a Seattle 
based biotechnology 
company. Its lead 
produci* , Provenge (known 
generically as sipuleucel- 
T), is an immunotherapy 
for metastatic prostate 
cancer. It consists of a 
mixture of the patient's 
own blood cells 
(autologous, with 
dendritic cells thought to 
be the most important) 
that have been incubateci 
with the Dendreon PAP- 
GAA-CSF f usion protein. 



THE PROVENGE PROCESS 




OVER/ 

100 
75 

l 

1 50 


LL SURVIVAL 


Survival 

PROVENGE ln-3411 









Phase III clinical trial results demonstrating a survival benefit for 
prostate cancer patients receiving the drug were presented at the 
AUA meeting on 28 Aprii 2009. After going through the approvai 
process, Provenge was given full approvai by the FDA on Aprii 29, 
2010. 



Patients with solid tumors vaccinateci in therapeutic or adjuvant setting (N=2,933) 

^ Anti-idiotype 
Peptide^ * antibod y 




Overall clinical response rate: 2.8 - 9.2 % 

•Mocellin S, Mandruzzato S, Bronte V, Lise M, Nitti D. Part I: Vaccines for solid tumours. Lancet Oncol. 2004, 
5:681-9. 

•Mocellin S, Semenzato &, Mandruzzato S, Riccardo Rossi C. Part II: Vaccines for haematological malignant 
disorders. Lancet Oncol. 2004, 5:727-37. 

•Mocellin S, Mandruzzato S, Bronte V, Marincola FM. Cancer vaccines: pessimism in check. Nat Med. 2004, 
10:1278-9. 

•Rosemberg SA, Yang JC, Restifo NP. Cancer immunotherapy: moving beyond current vaccines. Nat Med., 2004, 
10:909-15 



Meccanismi di 
elusione della 
risposta immune da 
parte dei tumori 



T celi recognition 
of tumor antigen 
leading to T celi 
activation 



Failure to produce tumor antigen 

Antigen-loss 
variant of tumor 



Lack of Tcell 
recognition of 
tumor 



Mutations in MHC genes 
for antigen processing 

Class I 

MHC-deficient 



Lack of T celi 
recognition of 
tumor 



p Production of immunosuppressive 
i protei ns 
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The battle at the tumor-host interface: 
cellular checkpoints 




SUPPRESSION 



Mollili S„ si aL Lanraft Oncologa, 



Immunosuppressive networks in tumor 
microenvironment 

•T regulatory (Treg) CD4+ T lymphocytes 
•Plasmocytoid DCs (IDO) 
•Immature/deviated DCs 
•Tumor-associated macrophages (TAMs) and 
myeloid-derived suppressor cells (MDSCs) 
• NKT cells 



FOCUS ON TUMOUR IMMUNOLOGY & IMMUNOTHERAPY 



Coordinateci regulation of myeloid 
cells by tumours 



Dmitry I. Cabrilovich', Suzanne Ostrand-Rosenberg 2 and Vincenzo Bronte 5 
Abstract | Myeloid cells are the most abundant nucleated haematopoietic cells in the human 
body and are a collection of distinct celi populations with many diverse functions. The three 
groups of termi nally differentiated myeloid cells — macrophages, dendritic cells and 
granulocytes — are essential for the normal function of both the innate and adaptive 
immune systems. Mounting evidence indicates that the tumour microenvironment alters 
myeloid cells and can convert them into potent immunosuppressive cells. Here, we consider 
myeloid cells as an intricately connected, complex, single system and we focus on how 
manipulate the myeloid system to evade the host immune response. 





Vaccinazione preventiva verso tumori umani originati da micro-organismi 



Micro-organisms and human tumours 



Tumour 


Organism 


Adult T-cell leukaemia 


Human T leukaemia virus 1 
(HTLV 1) 


Burkitt's lymphoma and 
lymphoma in immunosuppression 


EBV 


Cervical cancer 


Human papilloma viruses 
(HPV16and 18 and others) 


Liver cancer 


Hepatitis B and C 


Nasopharyngeal cancer 


EBV 


Skin cancer 


Probably human papilloma 
viruses 


Stomach cancer 


Helicobacter pylori 
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Esperienza con i vaccini contro HPV: prevenzione.... 

Recombinant vaccines have been produced by the generation of virus like 
particles (VLP), self-assembling particles that form following the expression 
of the HPV LI protein in recombinant virai construct. 

The results of a Phase II trial in which 2392 women between 16 and 23 years 
of age were immunized with HPV16 VLPs indicated that 100% of the \iac\r\ees 
were protected against infection with HPV 16 (Koutsky, LA, et al., N Engl J 
Med '347 '-.1645-1651, 2002; Villa, L.L., et al.,. Lancet Oncol 6:271-278 , 2005). 



... ma anche terapia 

Clinical responses in women with HPV-16-positive, grade 3 vulvar 
intraepithelial neoplasia can be achieved by vaccination with a synthetic long- 
peptide caccine against the HPV-16 oncoproteins E6 and E7. Complete 
responses appear to be correlated with induction of HPV-16-specif ic immunity 
(Kenter, &.C., et al., N Engl J Med 361:1838-47 , 2009). 



passiva: uso di anticorpi monoclonali (mAb) 
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Emergence of Immunotherapy with Ab 

Paul Ehrlich (1 904) hypothesized that antibodies could be 

used as 'magic bullets' to treat cancer 

Kòhler and Milstein (1 979) described a method to develop 

antibodies with defined specificity 

Rituximab is approved by FDA in 1 997 for the treatment of 

B-cell non-Hodgkin's lymphoma 

Addition of rituximab to standard CHOP chemotherapy 

provided the first improvement in survival in diffuse large 

celi lymphoma (2002) 



Targeted Therapies 




CD20 Rituxumab 



Tumor-specific 
antibody 



Antibodies bind to the 
tumor celi 



Tumor-specific antibody 
conjugated to toxin 



Antibody-toxin conjugates 
bind to the tumor celi 




Tumor-specific antibody 
conjugated to radioisotope 



Radioactive antibody 
binds to the tumor celi 



NK cells with Fc receptors 
(CD16) are activated to kill 
the tumor cells 



Conjugates are internalized, 
killing the celi 



Radiation kills the tumor celi 
and neighboring tumor cells 



TABLE 17-4 Anti-Tumor Monoclonal Antibodies in Trials 
or Approved for Clinical Use 


Specificity of 
Antibody 


Form of Antibody Used 


Clinical Use 


HER2/Neu 


Humanized [mouse 


Breast cancer 




monoclonal 


(approved) 


CD20 (B celi 
marker! 


Humanized mouse 
monoclonal 


B celi lymphoma 
(approved) 


CD25 


Humanized mouse 
monoclonal, immunotoxin 


T celi lymphomas/ 
leukemias (trials) 


Carcinoembryonic 
antigen 


Humanized mouse 
monoclonal 


Gastrointestinal 
cancers, lung 
cancer (trials) 


CA-125 


Mouse monoclonal 


Ovarian cancer 


GD 3 ganglioside 


Humanized mouse 
monoclonal 


Melanoma (trials) 
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Ipilumumab 

L'FDA ha approvato ipilimumab per la terapia dei pazienti con melanoma 
inoperabile o metastatico. Il farmaco, che verrà messo in commercio con 
il marchio Yervoyi, è il primo ad aver dimostrato di aumentare la 
sopravvivenza in questi pazienti. Ipilimumab agisce al livello delle cellule 
del sistema immunitario, attraverso un meccanismo che rimuove i 
'blocchi' della risposta immunitaria antitumorale. 



L'approvazione si basa sui dati di uno studio pubblicato lo scorso anno sul 
New England Journal of Medicine, che ha coinvolto 676 persone con 
melanoma metastatico provenienti da 125 centri di tutto il mondo. A un 
anno il 46% dei pazienti trattati con ipilimumab risultava ancora in vita 
(rispetto al 25% di quelli che hanno ricevuto un'altra terapia 
sperimentale a base di un vaccino anticancro), e a due anni la 
percentuale di sopravvivenza è risultata del 24% (rispetto al 14% del 
braccio di controllo). 



Ipi plus gplOO — -Ipi 

s 0 0 Censored <<» Censored 



- gplOO 
i Censored 



A Overall Survival 




12 16 20 24 28 32 36 40 44 
Months 

No. at Risk 

Ipi plus gplOO 403 297 223 163 115 81 54 42 33 24 17 7 

Ipi 137 106 79 56 38 30 24 18 13 13 8 5 

gplOO 136 93 58 32 23 17 16 7 5 5 3 1 



CTLA-4 blockade activates antigen 
specif ic T-cell responses 



tivation T celi Inactivation 

»" — |„ 



T celi Activj 

Anti-C 



Adoptive (passive) immunotherapy with tumor-specific CTL 



Generation of 
.À highly avid, highly 
k I active lymphocyte 
V\cultures 



Multiple TIL cultures 


FN-y ELISA 


1 






looooooool 




loooóooool 






oooooooo 
oooooooo 



Systomic 

immunosuppression 



Rapici expansion of 
selected lymphocytes 



Nature Reviews | 




Pt.R.B. 



Day -25 



Day +34 | 18+ Months 

Courtesy of N. P. Restifo, Surgery Branchi, NIH 
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